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Tumor-regressions following tumor-associated-antigen vaccination in animal models contrast with the limited clinical
outcomes in cancer patients. Most animal studies however used subcutaneous-tumor-models and questions arise as
whether these are relevant for tumors growing in mucosae; whether specific mucosal-homing instructions are required;
and how this may be influenced by the tumor.
Persistent infection by oncogenic types
of human papillomavirus (HPV) is the
central etiological agent of several ano-
genital cancers, including cervical cancer,
the second cause of cancer death in
women worldwide. Since carcinogenesis
requires stable expression of HPV-E6
and -E7 oncogenes, these have been
tumor-associated-antigens of choice for
immunotherapeutic strategies. Parenterally
administered therapeutic vaccines have
been under active development during
the past twenty years. However, none has
shown enough clinical efficacies to reach
commercialization. To address the role of
immunization routes for inducing tumor-
protection in mucosal locations (Fig.1),
we developed a novel orthotopic murine
model for cervical cancer.
1 We compared
parenteral and mucosal immunization
routes for their ability to induce E7-
specific cytotoxic T lymphocytes (E7-
CTL) in the genital mucosa (GM), as
well as protection against genital tumors
(GT). Our data showed that subcutane-
ous (s.c.) immunization with an adju-
vanted E7 polypeptide was more efficient
than intranasal (i.n.) or intravaginal (ivag)
routes at inducing systemic responses.
The three immunization routes induced
however similar numbers of E7-CTL in
the GM, suggesting a better homing of
these lymphocytes to the GM after i.n.
and ivag immunization.
2 This is in line
with the concept of a common mucosal
immune system, where antigen presenta-
tion occurring in a mucosal site lead to
priming of lymphocytes with a tendency
to selectively home to the same or other
specific mucosal sites. How far this
concept can be applied to the GM has
been a matter of controversy with either
parenteral or different mucosal immun-
ization routes yielding disparate results
with different vaccines and/or readouts.
3,4
Superiority or efficacy of mucosal lym-
phocyte trafficking has however been only
assessed for the induction of immune
responses after infections and/or immun-
ization or to provide protection against a
pathogenic challenge. Whether this may
hold true for inducing regression of
mucosal tumor was to our knowledge
not previously examined.
Knowing that our adjuvanted s.c. E7
vaccine provides regression of s.c. tumors
through E7-CTL,
5 we anticipated that the
induction of an almost identical frequency
and high-avidity of E7-CTL in the GM by
either of the immunization routes would
predict a similar ability to induce protec-
tion in the GM. Indeed our data showed
that either i.n. or s.c. immunization were
able to fully prevent GT implantation.
However, and surprisingly, only s.c.
immunization was able to efficiently
induce regression of already established
E7-expressing GT, the most notable
difference of s.c. immunization being the
higher number of systemic and circulating
E7-CTL induced, as compared with i.n.
immunization. Clearly the growing tumors
must influence the vaccine-induced
immune response. In absence of vaccina-
tion, the growing GT induce local E7-
CTL (up to 20% of the CD8
+ T cells),
which are however counteracted by an
important infiltration of CD4
+ Foxp3
+ T
regulatory cells (Treg, up to 60% of the
CD4
+ T cells).
1 Interestingly, GT regres-
sing upon vaccination showed up to 90%
E7-CTL among the infiltrating CD8
+
T cells, together with a decrease in Treg
(less than 15% of the infiltrating CD4
+
T cells, unpublished data), both prob-
ably accounting for the vaccine efficacy.
Although we have no clue as how
vaccination led to a decrease in infiltrated
Treg, our data suggest that the higher
number of circulating E7-CTL present
after s.c. immunization, as compared with
i.n. immunization, may readily infiltrate
the tumor thus explaining higher efficacy
of this immunization route even in the
case of a mucosal site. Lymphocyte
trafficking to the GM has involved both
mucosal and non-mucosal homing inter-
actions especially upon infections.
6,7 In
contrast, the growing tumors induce little
innate immunity and the intratumoral
vasculature appears to rather limit lympho-
cyte recruitment by decreasing or altering
adhesion molecule expression.
8,9 It is thus
the interplay between vaccination and the
tumor that may lead to such an efficient
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CTL infiltration in the regressing tumor.
Interestingly, systemic administration of
CpG-oligonucleotides (which are used in
our case as adjuvant to the E7 vaccine)
was found to induce ICAM-1 and
VCAM- 1 on intratumoral vessels, thus
enabling strong T cell infiltrations in a
pancreatic islet tumor murine model.
10
Whether this also occurs in our setting
when the E7-vaccine is administered by
the s.c. route, but not the i.n. route,
deserve further investigation. This inter-
play between tumor location and vaccina-
tion routes is probably even more
complex, as tumors implanted s.c. did
regress after both i.n. and s.c. immuniza-
tion.
2 To gain additional insights, we are
examining how the same vaccine may
induce regression of tumors located in
another, nearby, mucosal site i.e., the
bladder. Interestingly, our preliminary
data suggest that homing to the bladder
follow different rules than homing to
the GM, with both s.c. and ivag immun-
ization routes, but not i.n., leading to
similar frequencies of E7-CTL in bladder.
More surprisingly however, ivag immun-
ization was more efficient to induce
regression of tumors established in the
bladder, despite lower numbers of cir-
culating E7-CTL, a situation which is thus
different from that observed for tumors
located in the GM. A novel approach
may be to combine vaccination with
immunostimulation at the tumor location,
our recent findings suggest that this not
only increases locally the frequency of the
vaccine-specific CTL, but also leads to
a better tumor regression (unpublished
data). Altogether, our results demonstrate
the need to use animal tumor models that
closely mimic the real situation, as well
as to evaluate different immunization
routes in order to optimize immunother-
apeutic strategies against cancer located at
different mucosal sites.
Author’s View: Decrausaz L, Domingos-Pereira S,
Duc M, Bobst M, Romero P, Schiller J, Parenteral
but not mucosal immunization is able to induce
regression of human papillomavirus associated
genital tumors. Int J Cancer 2011; 129:762-72;
PMID:21384340; http://dx.doi.org/10.1002/ijc.
25973
References
1. Decrausaz L, Goncalves A-R, Domingos-Pereira S,
Pythoud C, Stehle JC, Schiller J, et al. A novel mucosal
orthotopic murine model of Human papillomavrius-
associated genital cancers. Int J Cancer 2011;
128:2105-13; PMID:20635385; http://dx.doi.org/10.
1002/ijc.25561
2. Decrausaz L, Domingos-Pereira S, Duc M, Bobst M,
Romero P, Schiller JT, et al. Parenteral but not mucosal
immunization is able to induce regression of human
papillomavirus associated genital tumors. Int J Cancer
2011; 129:762-72; PMID:21384340; http://dx.doi.
org/10.1002/ijc.25973
3. Kaufman DR, Barouch DH. Translational mini-review
series on vaccines for HIV: T lymphocyte trafficking
and vaccine-elicited mucosal immunity. Clin Exp
Immunol 2009; 157:165-73; PMID:19604255;
http://dx.doi.org/10.1111/j.1365-2249.2009.03927.x
4. Belyakov IM, Ahlers JD. What role does the route of
immunization play in the generation of protective
immunity against mucosal pathogens? J Immunol
2009; 183:6883-92; PMID:19923474; http://dx.doi.
org/10.4049/jimmunol.0901466
5. Decrausaz L, Revaz V, Bobst M, Corthésy B, Romero
P, Nardelli-Haefliger D. Induction of Human
Papillomavirus oncogene-specific CD8 T cell effector
responses in the genital mucosa of vaccinated mice. Int
J Cancer 2010; 126:2469-78; PMID:19816937
6. Kelly KA, Chan AM, Butch A, Darville T. Two
Different Homing Pathways Involving Integrin beta7
and E-selectin Significantly Influence Trafficking of
CD4 Cells to the Genital Tract Following Chlamydia
muridarum Infection. Am J Reprod Immunol 2009;
61:438-45.
7. Koelle DM, Gonzalez JC, Johnson AS. Homing in on
the cellular immune response to HSV-2 in humans.
Am J Reprod Immunol 2005; 53:172-81; PMID:
15760378; http://dx.doi.org/10.1111/j.1600-0897.
2005.00262.x
8. Fisher DT, Chen Q, Appenheimer MM, Skitzki J,
Wang WC, Odunsi K, et al. Hurdles to lymphocyte
trafficking in the tumor microenvironment: implica-
tions for effective immunotherapy. Immunol Invest
2006; 35:251-77; PMID:16916754; http://dx.doi.org/
10.1080/08820130600745430
9. Marttila-Ichihara F, Castermans K, Auvinen K, Oude
Egbrink MG, Jalkanen S, Griffioen AW, et al. Small-
molecule inhibitors of vascular adhesion protein-1
reduce the accumulation of myeloid cells into tumors
and attenuate tumor growth in mice. J Immunol 2010;
184:3164-73; PMID:20154208; http://dx.doi.org/10.
4049/jimmunol.0901794
10. Garbi N, Arnold B, Gordon S, Hammerling GJ,
Ganss R. CpG motifs as proinflammatory factors
render autochthonous tumors permissive for infiltra-
tion and destruction. J Immunol 2004; 172:5861-9;
PMID:15128765
Figure 1. Vaccination routes and mucosal tumor regression.
AUTHOR'S VIEW
www.landesbioscience.com OncoImmunology 243